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HAMMER 



This invention relates to electrically powered hammers, in particular hammers having an 
air cushion hammering mechanism including a wobble drive arrangement. 

Such hammers will normally have a housing and a hollow cylindrical spindle mounted 
in the housing. The spindle allows insertion of the shank of a tool or bit, for example a 
drill bit or a chisel bit, into the front end thereof so that it is retained in the front end of 
the spindle with a degree of axial movement. The spindle may be a single part or may 
be made of two or more parts, which together form the hammer spindle. For . example, a 
front part of the spindle may be formed as a separate tool holder body for retaining the 
tool or bit. Such hammers are provided with an impact mechanism which converts the 
rotational drive from an electric motor to a reciprocating drive causing a piston, which 
may be a solid piston or a hoUow piston, to reciprocate within the spindle. The piston 
reciprocatingly drives a ram by means of a closed air cushion located between the piston 
and the ram. The impacts from the ram are transmitted to the tool or bit of the hammer, 
optionally via a beatpiece. 

Some hammers can also be employed in combination impact and drilling mode or in a 
drilling only mode in which the spindle, or a fofwardmost part of the spindle, and hence 
the bit inserted therein will be caused to rotate; In the combination impact and drilling 
mode the bit will be caused to rotate at the same time as the bit receives repeated 
impacts. A rotary drive mechanism transmits rotary, drive from the electric motor to the 
spindle to cause the spindle, or a forwardmost part thereof to rotate. 

In smaller hammers, a wobble drive arrangement is generally used to convert a rotary 
drive from the motor to the reciprocating drive of the piston. In a known arrangement 
the rotary drive from the motor is transnutted to an intermediate shaft mounted within 
the hammer housing generally parallel to the axis of the spindle. A wobble sleeve is 
rotatably mounted on the intermediate shaft. The wobble sleeve is formed with a 
wobble race which extends around the wobble sleeve at an oblique angle to the axis of 
the intermediate shaft. Balls are set to run between this inner race and an outer race of a 
wobble ring, which wobble ring has a wobble pin extending from it to the rearward end 
of the piston. 
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The wobble pin reciprocatingly drives the piston via a trunnion airangement, which 
generally includes a pair of spaced arms extending rearwardly of the main body of the 
piston and a cross bolt. Hach arm is formed with a through hole and the cross bolt is 
received through said through holes. A central portion of the cross bolt, lying between 
5 the two arms is formed with a through hole, through which the end of the wobble pin 
remote from the wobble ring extends. During hammering the wobble pin is 
reciprocatingly driven forwardly and rearwardly, with respect to the longitudinal axis of 
the spindle by the wobble drive arrangernent. The wobble pin reciprocatingly drives the 
piston via the cross bolt ^d the piston ai^s. As the wobble pin reciprocates its 
10 orientation changes which causes the cross bolt to rotate, about the longitudinal axis of 
the cross bolt, with respect to the through holes of the piston arms. Also, to a limited 
extent the cross bolt is caused to reciprocate laterally along the direction of the 
longitudinal axis, of the cross bolt with respect to the through holes of the pistop arms; 
Accordingly, there is a sigmficant amount of wear between the cross bolt and the piston 
15 arms. 

One way of reducing this wear is by locating a U-shaped washer arraiigement .made 
from a bent strip of spring steel in the space between the piston arms. The U-shaped 
washer has a base from which the two arms extend to form the U-shape so that plane 
faces of the strip abut the base and the inwardly directed faces of the piston arms. Each 
20 arm of the washer is formed with a through hole, so that when the washer is fitted in the 
space between the piston arms, with the base of the washer abutting the rearward surface 
of the piston main body, the through holes in the washer arms align with the through 

holes in the piston arms. Then the cross bolt is fitted through the through holes in the 
washer arrangement as well as the through holes in the piston arms. The U-shaped 
25 washer has the advantage that it is easy to assemble onto the piston, however, it has the 
disadvantage that it is not free to rotate with the cross bolt, which is not ideal for the 
reduction of wear. 

The present invention aims to provide an electrically powered hammer with a trunnion 
arrangement having reduced wear. 

30 According to the present mvention there is provided a powered hammer comprising: 
a hammer housing within which a hollow spindle is located; 
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a hammering mechanism for generating repeated impacts on a tool or bit 
of the hammer, which hammering mechanism includes a piston 
reciprocatingly mounted within the spindle; 

a wobble drive arrangement for reciprocatingly driving the piston; and 

a trunnion arrangement including a cross bolt engaged by the wobble 
drive arrangement which cross bolt is rotatably mounted between a pair 
of piston arms which arms extend rearwardly of the piston; 

characterised in that a protrusion is located on the rearward end of the piston between 
the piston arms which protrusion defines two recesses one between the protrusion and 
the first arm and the other between the protrusion and the second arm, each of which 
recesses is shaped so as to support an associated washer of a pair of wear reducing 
washers in an assembled position. 

By providing the recesses at the rearward end . of the piston, during assembly two 
separate washers can be supported on the rearward end of the piston in an assembled 
position. The cross bolt can then be passed through the washers and mounted between 
the piston anns, to secure the washers with respect to the rearward end of the piston. 
This facilitates the assembly of two separate washers, of a conventional type, of 

a specially adapted washer arrangement, such as the U-shaped washer arrangement of 
the type described above, and so provides a cost reduction in the components of the 
hammer. In addition the washers are free to rotate with the cross bolt which provides a 
reduction in wear. The protrusion on the rearward end of the piston also provides extra 
structural strength to the piston. When assembled onto the piston with the cross bolt 
mounted between the piston arms, each washer fits around the cross bolt in a region 
adjacent the inwardly facing face of the associated piston arm so as to reduce wear 
between the cross bolt and the piston a rms 

In one embodiment the protrusion is formed on its rearward end with an arcuate bearing 
surface against which the cross bolt bears. This provides a fiirther bearing surface for 
the cross bolt, in addition to the bearing surfaces provided at the interface between the 
cross bolt and the first piston arm and the cross bolt and the second piston arm, which 
also contributes to a reduction in wear between the piston arms and the cross bolt. 
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The base of each recess may be formed as an arcuate bearing surface for the periphery of 
the associated washer so as to support and guide any rotation of the washer with the 


The cross bolt may be mounted through a pair of through holes one of which is formed 
in each piston arm. Alternatively, a through hole could be formed in one of the arms 
and a facmg recess formed in the other of the arms, in which case the cross bolt could be 
assembled between the piston arms by passing it through the through hole until it 
engages m the recess in the opposing piston arm. In the assembled position the washers 
will generally each have radially inner edges aligned with the associated through hole, 

The wobble drive arrangement will generally comprises a rotatably driven wobble 
sleeve with a wobble ring mounted on the wobble sleeve via a bearing positioned at an 
angle oblique to the longitudinal axis of the sleeve and a wobble pin extends radially 
outwardly of the wobble ring for engaging the cross bolt. Then as the wobble sleeve is 
rotatmgly dnven, for example by a shaft rotatingly driven by an electric motor of the 
hammer, the wobble pin is caused to reciprocate in a direction more or less in line with 
the longitudinal axis of the spindle. The bolt may be formed with a through hole in a 

region central of the piston arms for receiving a wobble pin of the wobble drive 
arrangement. 

The piston may be a hollow piston, of the type commonly used within the art, within 

which a ram is reciprocatingly mounted in such a way that during hammering the 

reciprocating drive from the piston is transferred to the ram by a closed air cushion 

formed within the hollow piston. Alternatively, the piston may be a solid piston, of the 

type well known within the art, and a ram is reciprocatingly mounted within the spindle 

forwardly of the piston in such a way that during hammering the reciprocating drive 

from the piston is transferred to the ram by a closed air cushion formed within the 
spindle. 

The piston is generally made of a strong light material, such as aluminium, the cross 

bolt is generally made of steel, but may also be made of a plastic part, and the washers 
may be made of steel. 

According to the present invention there is also provided a piston for a hammering 
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mechanism of an electrically powered hammer comprising: 

a cylindncally shaped main body which can be slideably mounted within a 
spindle of a hammer; 

a pair of pistoii arms extending rearwardly from the rearward end of the main 
5 body between which can be mounted a cross bolt of a trunnion arrangement; 

characterised in that the piston additionally comprises a protrusion located on the 
rearward end of the main body between the piston arms which protrusion defines two 
recesses one between the protrusion and the first arm and the other between the 
protrusion and the second arm, each of which recesses is shaped so as to support an 
10 associated washer of a pair of wear reducing washers in an assembled position. 

( -t 

The piston may have the features discussed above in relation to the pistoii of the 
electrically powered hammer according to the present invention. 

The present invention also provides a method of assembling a piston and trurmion 
arrangement sub-assembly of an electrically powered hammer in which the sub- 
15 assembly comprises the piston described above, the method comprising the steps of: 

supporting a washer in each of the recesses in the assembled position; and 

mounting the cross bolt between the piston arms by passing the cross bolt 
through the washers. 

All embodiment of a hammer according to the present invention will now be described 
20 by way of example, with reference to the accompanying drawings in which: 

Figure 1 is a partially cut away side cross-sectional elevation of the forward part 
of a rotary hammer according to the present invention; and 

Figure 2 is a disassembled perspective view of a sub-assembly of the hamm er of 
Figure 1 including a trunnion arrangement, a piston and a wobble drive 
25 arrangement; and 
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Figure 3 is a perspective view of the sub-assembly of Figure 2 in an assembled 
state. 

The rotary hammer has a forward portion which is shown in Figure 1 and a rearward 
portion mcoiporating a motor and a rear handle, in the conventional way. . The handle 
may be of the pistol grip or D-handle type. The handle portion incorporates a 'trigger 
switch for actuating the electric motor, which motor is formed at the forward end of its 
armature shaft with a pinioii (2). The pinion (2) of the motor rotatingly drives an 
intermediate shaft (6) via a gear (8) which gear is press fit onto the rearward end of the 
mtermediate shaft (6). The intermediate shaft is mounted within a metal rearward 
housing part (10) of the hammer, so that it can rotate about it longitudinal axis. The 
intermediate shaft is mounted in the housing part (10) via a rearward bearing.(9) which 
IS press fitted opto the rearward end of the intermediate shaft and is fitted into a 
receiving recess (11) of the housing part (10). In the Figure I arrangement the 
longitudinal axis of the motor is parallel with the longitudinal axis of the hollow 
cylmdrical spindle (4) of the hammer. Alternatively, the motor could be aligned with its 
axis perpendicular to the axis of the spindle (4), in which case a bevel pinion would be 
formed at the end of the armature shaft of the motor, to mesh with a bevel gear press fit 
on the intermediate shaft (6) replacing the gear (8). 


A wobble sleeve (12) is mounted on the intermediate shaft (6) using needle bearings, so 
that it can rotate with respect to the intermediate shaft. The wobble sleeve (12) carries 
the inner race (14) for the ball bearings (16) of a wobble ring (1 8) from which extends a 
wobble pm (20). The balls are mounted between the inner race (14) and an outer race 
(22) formed in the wobble ring (18). Thus, as the wobble sleeve (12) rotates the end of 
the wobble pin (20) remote from the wobble ring (18) is caused to reciprocate, in order 
to reciprocatingly drive a hollow cylindrical piston (24). The most rearward position of 
the wobble pin (20) is shown cross-hatched in Figure 1 and the most forward position of 
the wobble pin (20) is shown unshaded in Figure 1. The end of the wobble pin 
reciprocatingly drives the piston (24) via a trunnion arrangement inclu ding a cross bolt 
(26). 

As is best seen in Figures 2 and 3, the hollow piston (24) has two arms (80) which 
extend rearwardly from the rearward end of the piston, so as to leave a space between 
the arms. Each arm (80) is formed with a through hole (82) which extends through the 
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arm in a direction transverse to the longitudinal axis of the spindle (4). The cross bolt 
(26) is received through the through holes (82). The cross bolt (26) is itself formed with 
a through hole (84). which through hole is located at the centre of the cross bolt and 
extends through the cross bolt in a direction transverse to the longitudinal axis of the 
cross bolt. The end of the wobble pin (20) remote from the wobble ring (18) is received 
through the through hole (84) of the cross bolt (26). 

During hammering, the wobble pin (20) is feciprocatingly driven forwardly and 
rearwardly by the wobble drive arrangement. The wobble pin (20) reciprocatingly 
dnves the piston (24) via the cross bolt (26) and the piston arms (80). As the wobble 
pm reciprocates, the chaiiging orientation of the wobble pin (20) causes the cross bolt 
(26) to rotate about its longitudmal axis with respect to the thro ugh holes (82). The 
changing orientation of .the wobble pin (20) also cases the crdss bolt (26) to move 
laterally in the direction of the longitudinal axis of the cross bolt, with respect to the 
through holes (82). 

The rearward end of the piston is formed with a protrusion (86) between the arms (80) 
arranged so as to leave a recess (88) between the protrusion and each piston arm (80). A 
circular washer (90) is received by each recess (88) and the recesses (88) are formed 
with an arc shaped base adapted to the shape of the circular washer (90). The recesses 
(88) are narrow and support the washers (90) in their assembled position with the holes 
in the washers (90) aligned with the through holes (82) of the piston arms (80), prior to 
assembly of the cross bolt (26). Therefore, the washers are easy to assemble onto the 
rearward end of the piston. The cross bolt (26) is assembled through the washers (90) 
and through the through holes (82) in the piston arms (80) and this secures the washers 
with respect to the rearward end of the piston. The washers (90) have the advantage tha t 
they can rotate with the cross bolt (26) which helps in the reduction of wear between the 
cross bolt and the piston. In addition the washers (90) are much cheaper than the special 
U-shaped washer arrangement previously used.' The protrusion (86) also acts to 
strengthen the rearward end of the piston (24).^ The rearward portion of the protrusion is 
formed with an arc shaped recess (86a) which receives a portion of the side surface of 
the cross bolt (26). Therefore, the arc shaped recess (86a) acts as an additional bearing 
surface for the rotating cross bolt (26) and so will also help to reduce wear around the 
through holes (82) in the piston arms (80) 
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The hollow cylindrical piston (24) is shdeably located within the hollow cylindrical 
spindle (4). A ram (3) is shdeably mounted within the hollow cylindrical piston and an 
d-ring seal is mounted around the ram so as to seal between the periphery of the ram 
and the internal surface of the piston. During normal operation of the hammer, a closed 
air cushion is formed between the interior of the piston and the rearw^d face of the ram 
and so the ram is reciprocatingly driven by the piston via the closed air cushion. During 
normal operation of the hammer the ram repeatedly impacts a beapiece (5), which 
beatpiece is mounted within the spindle so as to be able to undergo limited 
reciprocation. ^ The beatpiece (5) transfers impacts from the ram to a tool or bit (34) 
mounted within a forward tool holder portion of the spindle by a tool V»r>lr|f»r 
arrangement (36), for example an SDS-type tool holder. The tool or bit (34) is 
feleasably locked within the tool holder portion of the spindle so as to be able to 
reciprocate within the tool holder portion of the spindle by a limited amount. In Figure 
1 the ram and beatpiece are shown in their idle mode position in the upper half of the 
spindle (4) and in their operating position in the lower half of the spindle. 

The spindle (4) which may be rotatingly mounted within the hammer housing (10, 15) 
can be rotatingly driven by the intermediate shaft (6), as described below. Thus, as well 
as or instead of reciprocating, the tool or bit (34) can be rotatingly driven because it is 
non-rotatably mounted within the spindle (4) by the tool holder arrangement (36). Thus, 
the hammer may have three modes, a drilling only mode in which no hammering occurs 
and the spindle is rotatingly driven; a hammer drillmg mode in which hammering occurs 
and the spindle is rotatingly driven and a chisel or hammer only mode in which 
hammering occurs but there is no rotary drive to the spindle and in which the spindle is 
generally locked against rotation. 

The intermediate shaft (6) is formed at its forward end with a pinion (38) which is 
selectively engageable with a spindle drive gear (39). A mode change element in the 
form of a ring (72) is non-rotatably but axially shdeably mounted on the forward portion 
of the wobble sleeve (12), co-axiaUy with the intermediate shaft (6). The mode change 
ring is mounted on the wobble sleeve via driven teeth, which take the form of two 
opposing splines formed on the outer surface of the forward end of the wobble sleeve 
(12). The driven teeth or splines engage in a pair of cooperating recesses which are 
formed m the radially inward facing surface of the mode change ring. The recesses 
extend axially from the forward to the rearward facing face of the mode change ring . 
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The recesses of the mode change ring (72) are selectively engageable with an opposing 
pair of a set of drive teeth (74) formed on an increased outer diameter portion of the 
intermediate shaft (6). AVhen the mode change ring (72) is in a rearward position, as 
shown in Figure 1, no rotary drive is transmitted from the intermediate shaft (6) to the 
wobble sleeve (12) and so no hammering occurs. When the mode change ring (72) 
moves forwardly, from the position shown in Figure 1, the recesses in the mode change 
ring (72) engage m opposing pair of the set of drive teeth (74) formed on the 
intermediate shaft (6), In the forward position of the mode change ring (72) the recesses 
in the mode change ring sttaddle the intermediate shaft drive teeth (74) and the splines 
(76) on the wobble sleeve (12). Thus, in the forward position of the mode change ring 
(72) rotary drive is transmitted from the intermediate s haft (6) to the wobble sleeve (12) 
via the mode change ring (72) and hamm ering occurs. 
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Claims: 

1 . A powered hanimer coniprisingr 

a hammer housing (10, 15) within which a hollow spindle (4) is located; 

. ^ . a hammering mechanism (3, 5; 24) for generating repeated impacts on a 

tool or bit of the hammer, which hammering mech^sm includes a 
piston (24) reciprocatingly mounted within the spindle; 

a wobble drive arrangement ( 1 2, 1 6, 1 8, 20) for reciprocatingly driving 
the piston (24); and 

a trunnion arrangement including a cross bolt (26) engaged by the 
wobble drive arrangement which cross bolt is rotatably mounted between 
a pair of piston arms (80) which arms extend rearwardly of the piston; 

characterised in that a protrusion (86) is located on the rearward end of the piston 
between the piston arms (80) which protrusion defines two recesses (88) one between 
the protmsion and the first arm and the other between the protrusion and the second 
arm, each of which recesses is shaped so as to support an associated washer (90) of a 
pair of wear reducing washers in an assembled position. 

2. A hammer accordmg to claim 1 wherein each washer (90) fits around the cross bolt 
(26) in a region adjacent the inwardly facing face of the associated piston arm so as to 
reduce wear between the cross bolt and the piston arms. 

3. A hammer accordmg to claim 1 or claim 2 wherein the protrusion is foimed on its 

rearward end with an arcuate bearing surface (86a) against which the cross bolt (26) 
bears. 


4. A hammer according to any one of claims 1 to 3 wherein the base of each recess (88) 
IS formed as an arcuate bearing surface for the periphery of the associated washer (90). 

5. A hammer according to my one of the preceding claims wherein the cross bolt (26) 
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is mounted through a pair of through holes (82) one of which is formed in each piston 
arm (80). 

6. A hammer according to claim 5 wherein the washers (90) when supported in the 

assembled position each have radially inner edges aligned with the associated through 
hole (82). 

7. A hammer according to any one of the preceding claims wherein the cross bolt (26) 
IS formed with a through hole (84) in a region central of the piston arms for receiving a 
wobble pin (20) of the wobble drive arrangement. 

8. A hammer according td any one of the precedinjg claims wherein the wobble drive 
arrangement composes a rotatably driven wobble sleeve (12) with a wobble ring (18) 
mounted on the wobble sleeve via a bearing positioned at an angle oblique to the 
longitudmal axis of the sleeve and a wobble pin (20) extends outwardly of the wobble 
ring (18) for engaging the cross bolt (26). 

9. A hammer according to any one of the preceding claims wherein the piston is a 
hollow piston (24) within which a ram (3) is reciprocatingly mounted in such a way that 
during hammering the reciprocating drive from the piston is transferred to the ram by a 
closed air cushion formed within the hollow piston. 

10. A hammer according to any one of claims 1 to 8 wherein the piston is a solid piston 
and a ram is reciprocatingly mounted within the spindle forwardly of the piston in such 
a way that during hammering the reciprocating drive from the piston is transferred to the 
ram by a closed air cushion formed within the spindle. 

11. A hammer according to any one of the preceding claims wherein the piston (24) is 

made of alumimum, the cross bolt (26) is made of steel and the washers (90) are m ade 
of steel. 

12. A hammer substantially as hereinbefore describe with reference to any one'of the 
accompanying Figures. 

13. A piston for a hammering mechanism of a powered hammer comprising: 
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ABSTRACT 


HAMMER 

An electrically powered hammer is provided having a h^nimer housing (10,15) within 
which a spindle (4) is located, with a tool holder (36) located at a forward end of the 
5 spindle. The hammer has a hammering mechanism (3, 5, 24) for generating repeated 
impacts on a tool or bit mounted in the tool holder, which hammering mechanism 
includes ai piston (24) reciprocatingiy mounted within the spindle. A wobble drive 
arrangement (12, 16, 18, 20) reciprocatingiy drives the piston (24). A trunnion 
arrangement including a cross bolt (26) is erigaged by the wobble drive arrangement and 
10 ’ the cross bolt is rotatably mounted between a pair of piston arms (80) so as to transfer 

the reciprocating movement from the wobble drive to the piston. A protrusion (86) is 
located on the rearward end of the piston between the piston arms (80) so that the 
protrusion defines two recesses (88) one between the protrusion and the first arm and 
the other between the protmsion and the second arm. Each of the recesses is shaped so 
15 as to support an associated washer (90) of a pair of wear reducing washers in an 
assembled position. When assembled each washer (90) fits around the cross bolt (26) in 
a region adjacent the inwardly facing face of the associated piston arm so as to reduce 
wear between the cross bolt and the piston arms. A piston suitable for such a hammer 
arrmgement and a method of assembling a piston and trunnion arrangement including 
20 such a piston are also provided. 


' Figure 3. 
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